Altimetric data, climatoIogical hydrological data, and numerical model results are compared over the tropical Atlantic Ocean between November 1986 and November 1988. All reproduce the seasonal cycle df the dynamic topography rather well, and the agreement is particularly good between altimetry and the primitive equation model. The study of the 1986-1988 period reveals interannuai events evidenced by both the altimetry and the models, especially during spring 1988 in the Gulf of Guinea.
INTRODUCT~ON
The present (Tropical Ocean and Global Atmosphere) and future (World Ocean Circulation Experiment) oceanographic programs are now devoted to the long-term climate forecasting. As a matter of fact, the success of these programs in terms of climate predictability at scales of several months to decades relies on the implementation of new techniques to provide global observations of surface parameters and currents for monitoring the oceans. During the last decades, historical merchant ship bathythermograph (BT) profiles and extensive oceanographic experiments have evidenced the large spectrum of the oceanic variability, especially in the upper layers of the tropical Atlantic [Lass et al., 1987; Hisard and Hénin, 1987; Katz, 19871 . However, oceanographic cruises have, for technical and funding reasons, so limited duration and spatial coverage that it is difficult to resolve large spatial and temporal scales.
In recent years, two different methods of monitoring the oceans have been explored by oceanographers. The first method is modeling. This can range from process models, generally used to isolate a specific oceanic phenomenon [Cane and Sarachik, 1981; Busalacchi and Picaut, 1983; du Penhoat and Gouriou, 19871 , to three-dimensional complex models used to obtain a more realistic simulation of the oceans [Philander and Pacanowski, 1986 ; Leetrnaa and Ji, 1989; Morlière et al., 19891 .
The second method is using spatial techniques to obtain a global quasi-synoptic view of the whole ocean. Three generations of altimeters (Skylab, GEOS 3, and Seasat) have already demonstrated the ability of altimetric data to study surface circulation [Cheney et al., 1983; Douglas et al., 1983; Fu, 1983; Ménard, 1983; Daniault and Ménard, 19851, even if -looking at large-scale signal through altimetry is more challenging than mesoscale studies because of the possible overlap by altimetric long wavelength errors: orbit, atmospheric, and oceanic [Musman, 1986; Malar.de et al., 1987; Miller et al., 1986; Périgaud et al., 19861. More recently, in the tropical Atlantic Ocean, Arnault et Copyright 1992 by the American Geophysical Union.
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[19901 found good agreement between the seasonal variability of the dynamic topography as observed from historical hydrographic data [Merle and Arnault, 19851 and from altimetric data, but a qualitative and quantitative comparison between altimetry and models over a basinwide scale and a 2-year cycle is still missing. This is the topic of this paper. Section 2 gives the data processing and the two model descriptions. Then, in section 3 we focus on the seasonal cycle of the tropical Atlantic before approaching the interannual variability (section 4). Discussions and conclusions follow in section 5.
DATA PROCESSING AND MODELS
The Data
Altiinetric data. We considered in this paper the Geosat
17.05-day Exact Repeat Mission data over the tropical
Atlantic Ocean between 60°W-20"E and 2o"N-2O0S, from November 1986 to November 1988, about 118 repetitive tracks of 43 passes. At the equator the orbit tracks are about 150 km apart and along a single track; the distance between two measurements is 7 km.
As noted by Clzeney et al. [1987] , Fleet Numerical Oceanographic Center (FNOC) wet and dry tropospheric corrections [Saastatnoinen, 1972; Tapley et al., 19821 and ionospheric corrections based on the Global Positioning System climatic ionosphere model were applied. The tidal signals were removed according to the tide models of Cartwright and Taylor [ 197 13 and Schwiderski [ 19801. The absence of a well-known geoid for such a large-scale study leads to a time variability interpretation. Three different methods can be used to extract the variability signal from the altimetric data: the crossover differences have given encouraging results in the tropical Pacific [Miller et al., 19861 , as has the use of a mean sea surface in the Atlantic [Ménard, 19881 . The collinear profile method we used here was previously tested with success in a mesoscale study of the northwest Atlantic region [Métzard, 19831 and in the Pacific [Musmati, 1986; Malarde et al., 19871 . An analysis of this method has been described in detail by Arnault et al. [1990] . The altimetric measurements of the sea surface are first resampled and adjusted along the track (60-km spacing 1 4 -1 6 N longitude DHA Fig. 3 . Seasonal evolution in the North Equatorial Current region (14"-16"N) for the 0/500 dbar in situ dynamic height anomalies (DHA in dynamic centimeters). the altimetric anomalies (AA centimeters), the linear model Oh00 dbar dynamic height anomalies (3MA in dynamic centimeters) and for the three-dimensional model Y500 dbar dynamic height anomalies (3DA in dynamic centimeters). Same gray scale as in Figure I. from 20"N to 20"s) using a cubic spline and a second-degree polynomial (first-degree for short tracks). After adding the mean polynomial over the different cycles to each adjusted profile, the mean profile is then calculated and subtracted. Mean profiles computed over less than seven cycles (or with an inhomogeneous time repartition) are thought to be meaningless and are discarded. The sea level anomalies are adjusted again to absorb long-wavelength errors. A final smoothing is performed using a filter over 180 km. N o serious gap in the data has been detected during this analysis. This along-track analysis is then extrapolated into threedimensional time-space analysis using an objective analysis [De Mey arid Robirisoti, 19871. The objective analysis algorithm was derived Li-om an analytical correlation function described by
[ e x p ( -i ' / r c i ' ) l with R = cste*r.Ircx, where I' is the distance and t is the time separating the interpolated point and any point in the influence radii areas. On the basis of earlier studies [Cane, 1979; Merle niid íti sitir duta. We also used for our comparison 01500 dhar dynamic heights (DH). An historical (NANSEN) data set of 20,000 temperature-salinitp profiles plus an historical NANSEN-BT data set of 140.000 temperature profiles were used. The DH was computed through a mean T-S relation. The detailed description of the DH computation using temperature profiles and a T-S relationship to supplement hydrographic data has been given by Mcrlc arid Arrinrilt [ 
19851.
The total error on the monthly 0/500 dhar DH with a 4" in longitude by 2" in latitude gridding is about 2 dynamic centimeters. DH anomalies are computed with reference to the annual mean.
The Models
Litlear model. The first model we used here is a simple one. It computes the linear response of the tropical Atlantic Ocean to the wind forcing through three baroclinic modes. dir Petilzo~rt arid Trkgirier [1985] have shown that 9.57% of the signal obtained with nine modes is provided by the first three. More recently, dir Petdiont arid Gotiriorr [ 19871 demonstrated the ability for this kind of model to reproduce DH topography interannual events and at a much lower cost than three-dimensional primitive equation models. They captured quite well the 1983-1984 contrast in the tropical Atlantic Ocean which was the result of an abnormal warm event in 1984 characterized by a huge change of the zonal equatorial DH slope. The decomposition i n vertical modes is obtained ' ' w n a mean density profilc, charactcristic of the midequa-11 Atlantic Ocean (24"W). [1981] monthly climatology for temperature has been added. 'These dampings minimize the north and south efects of the closed boundaries by allowing a mass and heat climatology Rux at the boundary's neighborhood. Moreover, the surface salinity i s damped to the Levitus seasonal climatology in order to allow for the lack of knowledge on the evapoi-ation-pi-ecipitatic,n balance. Initially, the ocean is taken at rest, its temperature and salinity Ilring those of the Levitus climatology (monthly for temperature and seasonal fol-salinity). 'I'hc model was first forced during I year with an anniial average wind (calculated on the 1981-1984 period), then during 2 y c x s with ii monthly avcrwe wind. The sin1uI;ition w i~s continued using the l"\'nthly wind from January 1982 to rhccr11ber I W X . 'l'hc 
Seasonal Longitudinal and Latitudinal Evolutiot?
To show more efficiently the wave propagation phenomenon or the time shifting in the seasonal variability of the data, we also looked at the seasonal evolution of the dynamic structures along the latitudes of the main current cores, 14"-16"N for the North Equatorial Current (NEC), 4"-6"N for the NECC, 2"N-2"S for the SEC, 4'4"s for the South Equatorial Countercurrent (SECC), and along two meridians located in the center of the basin (28"W) and in the Gulf of Guinea (4"W).
For the northernmost region (14"-16"N) both AA and DHA ( Figure 3 ) present more variability with smaller-scale structures than the mode1s:The AA, 3DA, and 3MA signal is negative (about -316 cm) from August to December, but DHA is time-shifted with negative values from OctoberNovember to May. At 20°W, 3MA and AA present a second negative extremum along the African coast in the spring after the one in the fall. This can be related to the local upwelling off Dakar. A westward propagation is also evidenced by a time lag correlation matrix analysis for AA, 3DA, and 3MA.
However, it seems a little bit faster for AA (about 0.70 m s -' ) than for the models (0.35 for 3DA and 0.45 m s-' for 3MA). The mean annual rms differences computed for this region are given in Table 1 . Except for the AN3MA comparison (2.7 cm) which is larger than the rms for AA (1.9 cm) or 3MA (1.3 cm), these rms differences are generally of the same order as the rms of the products alone.
Seasonal longitudinal evolution in the NECC region. tive patch of -316 cm from February to July. This signal reaches more than -9 cm for DHA. A particularly good agreement exists between 3DA and the AA west of 25"W. In the east (15OW-3"E) the negative AA signal is hardly outlined )r)ELS IN THE TKOPIC4L ATLANTIC O C F 4 N (-3 cm); otherwise it reaches less than -9 cm for DHA and 3D,4 and -6 cm for 3MA. However, the semiannual signal, characteristic of the tropical Atlantic eastern basin, is reproduced hy AA in July-Septemher, then January-March. The four pictures also clearly show a westward propagation during spring-wmmer. The phase velocity varies from about 0.40 m s-' for 3MA to 0.50-0.60 m s-' for AA, 3DA, and DHA. Table 1 .
.Sensoncil longitudinal esolrrtion in the SEC region. Along the equator ( Figure 5 ) the main disagreement between AA and DHA, 3DA. or 3MA is due to the relative weakness of the AA signal in the eastern part of the Gulf of Guinea. A clear separation of the basin in an eastern (east of 15"-20"W) and a western part (west of 15"-20"W) is shown by AA, 3DA, and 3MA. In the west the annual signal is dominant with negative values between March and May and positive values between July and February. In the east the signal presents two negative extrema (April-August and DecemberJanuary) and two positive ones (January-May and September-November), but the amplitude of the AA signal is about 619 cm instead of 12/20 cm for the other quantities. Following the wave theory, one would expect to see an eastward propagation with a 1.10/1 .50 m s-' phase speed as anticipation of the Rossby wave at 5"N, but such a propagation is not clear in Figure 5 .
Month since November ARNAULT ET AL.: ALTIMETRY AND MODELS I N THE TROPICAL ATLANTIC OCEAN Plate 1. Annual amplitude (in dynamic centimeters or in centimeters) and phase (in months) as computed from a come function fit of the seasonal signal for the 0/500 dbar in situ dynamic height anomalies (DHA), the altimetric anomalies (AA), the linear model 0/500 dbar dynamic height anomalies (3MAl. and for the three-dimensional model s1500 dbar dynamic height anomalies (3DA). Amplitude is shown from below 3 cm (red) to above 9 cm (light yellow). 
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iri the SECC rcginti. The southern hemisphere signal ( Figure 6 ) also clearly shows a westward propagation for the models a h in the NECC region. A time lag correlation matrix gives a propagation velocity around 0.35 m s -' . However, this propagation is not so evident for both the data, AA or DHA. It seems therefore that both models emphasize the wave propagation phenomenon in the southern hemisphere. The signal is negative from August to April for AA. and from July to December for DHA. For the models the negative values begin in June near the African coast and reach the American coast in March. In the east a very slight secondary negative extremum can be seen in January for AA and the models but not for DHA.
Sccisonul latitirriiticil c~tw1irtic.w iti thc Gulf qf' Giiitiea alotzg 4%' arid in the cciitc'r oftlic husiti (it IA'"\+'. The qualitative agreement especially hetween AA and 3DA is al50 evidenced looking at the signal south of Abidjan, along 4"W ( Figure 7 ). Both phase and amplitude look similar and compare much more favorably together than with DHA. AA and 3DA present :in in\erse V-shaped structure centered dong 8"s. The latitudinal limit between the seasonal 5ignal (to the south), and the wmiannual \ignal phenomenon by showing a rather symmetric structure along the equator. especially for 3MA.
Local Comparisons
For such short time series (12 points) the computation of a correlation coefficient is meaningless. However, a more precise view for the time evolution of the different products can he obtained and compared at selected points.
Figures 90, 9h, and 9 c present the seasonal evolution of the four signals (AA, DHA. 3DA, and 3MA) in the NECC core (SON) at 46"W near the American coast, at 26"W in the center of the basin. and at 2"W near the African coast. In the west (Figure 90 ). every signal seems to be time-shifted in comparison with another one. Better agreement is offered by 3MA and AA. The AA, 3DA, and 3MA signal amplitudes are mostly the sanie. ahout 8 cm. but the DHA signal amplitudes have larger variations (12 cm). Eastward (Figure 9h ), the agreement is very good for both amplitude and phase, eben if DHA reach larger negative values (-8 instead of -5 cm) in spring. In the east (Figure 9c ), if the timing is relatively the same for all quantities. AA have a much smaller amplitude tb cm instead of 7-9 for the models and 14 cm for DHA).
Southward. in the western SEC ( Figure 10a ) at 1"N, the amplitude of the 3MA signal seems unrealistic. This is certainly due to the proximity of the Brazilian coast and the boundary condition effect. DHA also present a semiannual signal which is not reproduced by others. Eastward ( Figure  loh and I0c) . the weak AA signal is shown once more, and during the upwelling season, a significant time shifting of AA compared with DHA, 3MA. and 3DA (ahout 2 months) is also shown. It is interesting to note that this absence of altimetric signals in the Gulf of Guinea has already been observed by Menard [ 19881 using other satellite altimeters, methods, and corrections. We will discuss this point later.
Statistics
We fit these seasonal signals by a cosine function A cos (ltvt f 1'). Plate 1 gives the annual amplitudes and phases. In the west, all the quantities show more than 6-cm variations along ?,"-3' N and 10"N. separated hy a zone of relative minimum (less than 3 cm) which is more evident for the models and AA than for DHA. These extrema are located a few hundred kilometers off the coast except for 3MA. In the east the amplitude is larger than 3 cm except for A.4. Another maximum appears for AA north of 17"N. consistent with the intendkation of the annual cycle of. winds.
All the annual phases evidence ; i "pivot" line across the NECC around 5"N. as already mentioned by Merle and Artiriirlt 119851. The annual cycle of DHA or AA reaches its maximum in summer-fall north of the NECC and in winterspring south of it. This is in agreement with the NECC intensification in the fall when a dynamic high ;it ?' -3"N and a dynamic low at 8"-10°N appear. However, AA present a uniform phase lag up to 8"N along the northern American coast as observed hy Ccirtoti [1989] . Therefore the region of high phase i\ \vel[ separated from the coast. contrar)' til DHA or 3hl.4, especially. Another pivot point is present along the equatc.r. The second harmonic amplitudes (not presented here) are W a l l y less than 6 cm. The same regions of maximal amplitude appear: the northwest region (especially for AA) and the eastern Gulf of Guinea (but weaker for AA).
The seasonal evoiution of monthly mean rms differences between all pairs of data Over the whole basin is given in Figure 11 . Looking first at the comparisons with AA, we see Ihat the largest values are reached by the rms AA/DHA. The mean rms value is around 4.2 cm. However, the rms of 3DA/DHA and 3MA/DHA, the other 1986-1988 products compared to the D H climatology, are not significantly different with mean values about 3.7 and 4 cm, respectively. The rms differences between AAlDHA peak during boreal summer (4-5 cm). This is during the upwelling in the Gulf of Guinea. On the other hand, both the models, when compared to DHA, present an extremum (around 5 cm) in In conclusion, the seasonal cycle of the tropical Atlantic surface topography is rather identically presented by all the data sets and the models. They all show an opposition between the summer/fall season and the winterkpring season, and the Gulf of Guinea is affected by a semiannual signal in all the products, even if the AA signal is too weak. Figure 12a clearly shows the good agreement which exists between AA and 3DA. No significant bias from the y = x line is observed in this scatterplot. This is also true for the AAI3MA and 3MA/3DA comparison ( Figures 121) and I2J' ). However, all of the AAIDHA, 3DA/DHA, and 3MA/DHA (Figures 12c, 12d , and 12e) scatterplots present a systematic bias which reveals among other things, the time shifting (1 month as a mean) often occurring between DHA and the other products. It is not surprising that the AA accordance is better with 3DA than with 3MA, as the three-dimensional model integrates more physics than the linear model. Howcvcr. the better agreement that is found between 3DA and :'her than between 3DA and DHA reveals that besides 'atauncertainties, the 19861988 mean used for AA ' 1 and 3DA still contains an important interannual part with reference to the climatological mean taken for DHA over one century. This will be investigated further.
INTERANNUAL VARIABILITY Basinwide Description
We can now consider, from November 1986 to November 1988, the monthly time evolution of the sea level and D H anomalies as given by the data and the models. Figures  13-19 present the basinwide situation for different months over all the years.
November 1986 (Figure 13 ) presents the same patterns as the climatological DH. It is interesting to note in the NECC high (positive anomaly at 3"-7"N) the presence of two distinct cells: one between 35" and 50"W and the other one east of 32"W, which are only shown by 3DA and are shown even more clearly by AA. This division in two different cells during the NECC decrease had also been observed in the Figure I . Even if the AA signal is less intense, this interannual warm event is also present. In July 1988 ( Figure 18 ) the negative values relative to the rquatorial upwelling seem to be stronger than in 1987 for AA and the models, even if the satellite data results are still weak. The situation is therefore ditferent from those in 1984 where the warm event remained during the boreal summer. It is also interesting to see for AA, DHA, and 3DA, the separation of the negative patch between 5" and 1O"N in two different cells east and west of40"W. Also clearly shown, but th' lime by AA, 3DA, and 3MA, are the two positive cells located along 5"N and YS, which could be related to Rossby wave propagation. They were not so evident in 1987, except for AA.
Finally, in October 1988 ( Figure 19 ) the positive anomaly at 3"N seems to be weaker than in 1987 for AA, 3DA, and 3MA, so that the NECC could have weakened earlier in 1987 than in 1988. This has been confirmed during a cruise in late September-October 1988 across the Atlantic. The hydrological data sampled during this campaign do not reveal any NECC high at 3"-5"N, as should be for this period [Arrznult c>t u / , , 19921. It is also interesting to note the good agreement between AA and 3DA, showing the same eddy structures along SON, alternatively cyclonic and anticyclonic. However, in the Gulf of Guinea the AA signal is weaker again than the models' signal.
This first approach of the interannual variability in the tropics confirms our belief that the tropical Atlantic has been atfected by relatively strong interannual events in 1986-1988 as was the case in [1983] [1984] . Time plots will confirm this hypothesis. Lottgitudincil evolution it? SEC region jhr [1986] [1987] [1988] . West of 20°W, the AA and 3DA amplitudes are similar, but AA contrast with the models by presenting stronger negative anomalies in 1986-1987 than in 1988 (Figure 22) . East of 20°W, 3DA and AA show a stronger negative upwelling signal in June-July 1988 than in 1987, but the AA signal is too weak and is time-shifted by about 1 month. Both present a secondary cold season in November-December 1987 and 1988, followed in January-March by a warm season as revealed by the positive anomaly which is stronger (3DA and 3MA) and longer (AA) in 1988 than in 1987.
In the southern hemisphere (Figure 231 , even if the signal is more amorphous (-6, -1-6 cm), it still seems that the positive anomaly in spring-summer 1988 is stronger than in 1987. However, compared to the data, the models still emphasize the propagatioh phenomenon.
Latitudinal evolution in tIie Giirf'of Guinea cilong 4"W cind 'llc, center of the basin along 28"Wfor 1986 28"Wfor -1988 Along ',i' (Figure 24 ) the agreement between AA and 3DA is best ,YI with the other panels in Figure 24 . North of loos, In the western NECC (5ON-46"W) ( Figure 2601 , the better agreement is found between 3MA and AA as it was already true for the climatology (Figure 90 ). The 3DA is clearly and 1988, as the positive extrema weaken (around 4 cm for AA in 1986, then 2 cm in 1987; more than 8 cm for 3DA in 1986, then 2 cm in 1988: 5 cm for 3MA in 1986, then 0 cm and the negative extrema strengthen (more than -3 cm for AA in 1987, then -4 cm in 1988; more than -1 cm for 3D.4 in 1986, then -6 cm; -3 cm for 3MA in 1987, then -5 cm). The correlation between AA and 3DA is only 0.5 due to the time shifting. Eastward (Figure 26h ), the agreement is better and reaches a 0.77 correlation coefficient between AA and 3DA. The extrema in summer 1988 (5-7 cm) seem to he stronger than in 1987 (less than 4 cm), but the minima in March-April are of the same order in I988 as in 1987 (-41s cm). If AA, 3DA, and 3MA vary in phase in spring !?87, there is R 1-month lag during spring 1988 between AA and 3DA and 3DA and 3MA. This is due to the decrease toward the negative values which occurs faster ( 3 months) for AA than for models (5-6 months). , In the east (Figure 26c ) the AA signal is flat compared with the others in July-August 1987. This explains why the correlation between AA and 3DA is only 0.53. However, for 3DA and AA, the extrema in June-August 1988 (-7 and -3 cm. respectively) are stronger than in 1987 ( -6 and -1 cm). The values for the warm spring season are also stronger in 1988 (5 and 3 cm) than in 1987 (3 and 1 cm).
Farther south, in the SEC (Figure 27 ) at ION the correlation between AA and 3DA is better in the west (0.57, Figure  27u ) than in the center (0.44 Figure 27b ) or in the east (0.32, 
Statistics
The good agreement which exists between AA and 3DA in the northwestern Atlantic Ocean is shown by the correlation coefficients given in Figure 28 . A large part of this region present coefficients larger than 0.7. In the Gulf of Guinea, as already discussed, the correlation is low (less than 0.5).
Regions where the signals are anticorrelated are few and located northward, southward, or near the American coast. The same conclusions can be derived from the comparison 3MA/AA. Finally, the extremely good temporal agreement between the two models is also depicted in Figure 28 : a large part of the basin is covered by correlation up to 0.7.
The rms differences between the data are given in Figure  29 . It is clear that the best agreement is always found between AA and 3DA with a mean value about 3.2 cm.
DISCUSSION AND CONCLUSlONS
We examined in this paper the comparison of four products (climatological DH, altimetry, linear, and threedimensional model results) to obtain the most complete overview of the surface dynamic topography variability in the tropical Atlantic Ocean.
The seasonal cycle'as shown by altimetry and models is in rather good agreement with the one presented by DH climatology. The seasonal variability is clearly stronger in the northern hemisphere. The Gulf of Guinea is affected by i clearly shown by all the data and mixiels. but at 5 5 , Such ri propagation is only present in the moilcl5. The annual variability is maximal in the uestern basin. alLing Y-3" and 10"N. These maxima are separated by ;i minimum much more evident for altimetry and model\ than for the climatological DH. We do assume t h a t m o x t o f the Jilii.rences encountered between altimetr>>iniodcl\ on une hiinci and DH climatology on the other hand are duc to the mciin k i n g computed over 2 year5 for altimetry anil modcl\ ancl over :i century for the clim;itulogy. 1-tiereforc the altimctricimodcl aver:tges involve interx";rl informiit ion that ha\ been cvn-\ sidernbly filtered out in the climntologicsl mean. This explains that the best rms difference5 between models and data are found between three-dimen5ional model and altimetry u ith ;I mean value of 2.6 cm. The study of the l'98&-1988 cycles hiis confirmed the good agreement het\\een altimetry and model\ t Figure 30 ). It also point\ o i i t \even1 feature\. Fint. the NECC region can be divided in t \ \ u parts during the frill decrease: two different cell\ :ippc;ir east rind west of 3W-35"W. I t seem5 to be ii cons;t;int fcaturc :IS it i\ ohservecl in October 1986. November 1987. ;tnd Novcmhcr IQS8 from altimetry and models. 7 j ~" " " " " " " " " " " " ' Although it had been observed in the past, many authors were suspicious about this division and argued that it could be due to an artifact of in situ data sampling, which is obviously not the case for altimetry and models. Second, also pointed out by this study, is the presence of interannual events in the tropical Atlantic Ocean. It has been widely assumed in the past that contrary to the Indian or the Pacific oceans, the annual cycle is dominant in the tropical Atlantic. 15:L 14-
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. . . . . 1- Fig. 31 . Power spectra along a characteristic descending track in the Gulf of Guinea. Using a long track (4051, GDR or GEM-T2 orbits. and a second-degree polynomial adjustment (solid line); using a long track (4O"S), GDR or GEM-T2 orbits, and a one-degree polynomial adjustment (dashed line); and usinga short track (20"s). GDR or GEM-T:! orbits, and a I" polynomial adjustment (dotted line).
longer in equilibrium with the wind stress forcing. and the warm waters accumulated in the west flow back into the Gulf of Guinea. In 1982-1983, a strong EI Niño occurred in the Pacific, and in spring 1984 the FOCALjSEQUAL data showed abnormal warm waters in the east Atlantic with a flat thermocline and no pressure gradient all along the equator [Philander, 1986; Lamb et (11.. 1986 : Weisberg arid Coliti. 1986 Hisard et al., 1986 ; Katz c'r í i l . , 19861. In 1986 19861. In -1987 another EI Niño was detected in the Pacific, also not as intense as the 1982-1983 one. and the sea surface temperature maps obtained hy Serrtrin atid L1lkn.s 119901 reveal abnormally warm waters in the Gulf of Guinea during spring 1988. During spring 1988, altimetry and models also show waters in the Gulf of Guinea that are warmer than in 1987. However, the altimetric signal was weaker than the model ones.
We tried to discover why the altimetric signal was so weak in the Gulf of Guinea. As described in section 2, altimetric data have to be corrected and filtered out first before producing the "real" oceanic sea level signal. iIfktI(ird [ 19881 has already approached the same problem, hut he used different techniques and corrections. One of the corrections which could be particularly important in the tropics i5 the water vapor correction. As M6tiíird [IYSS], we used the FNOC water vapor correction. Recent investigations have revealed that differences between several \rater vapor products could be important. In the equatorial Pacific. Zirizhclm i t i atid Biisczlacchi [ 19901 found for the FNOC and SMMR corrections a mean rms difference ranging from 1 cni to more than 8 cm in December 1983. Erizcry r't cil.
[ l990] have computed :iltimetric corrections from FNOC, Tiros-N operational vertical sounder Seasat scanning multichannel microwave radiometer (SMMR). and hpecial sensor microwave imager water vapor. They found that the FNOC-derived corrections are generally much too low in the tropics. Along a Geosat track in the Atlantic, they found a difference between FNOC and SMMR corrections of about 10 cm around 7"N. Therefore we recomputed for three tracks in the Gulf of Guinea the sea level anomalies, using either FNOC or SMMR water vapor corrections. These along-track sea level anomalies differ only slightly, and the resulting mean rms differences vary around 1 cm. This low value is due to the altimetric data processing which only implies "anomalies." Zinihrfniati arid Bitsafocchi [ 19901 found that the mean rms differences hetween different water vapor products are divided by a factor of 2 if the respective mean field is first subtracted. Moreover. along-track power spectra reveal that most of the difference found in our analysis referred to wavelengths over 1000 km (Figure 3 I 1. Another investigation leads us to consider the effect of the orbit error. We used the Geosat operational orbits which are available from Clirtzrg et d. [ 
B o m e r ( i l .
[ 198S] have estimated that the radial component of these orbits is accurate to about 3 m rms. Fortunately. the largest component of the error occurs at a wavelength equal to the orbital circumference. Thus a large percentage of the error can be removed on a regional basis using simple adjustment techniques in which the error is modeled as a low-order polynomial [Cltrticy cf ( i l . . 19891. But this filter can also eliminate signals of the large-scale ocean circulation. Therefore significant benetit could he derived from using precise orhits. We recomputed the altimetric signal along the same three tracks we already used in the Gulf of Guinea for the water vapor study. However, Ive now use longer tracks (up to 40"S instead of 2O"S) and the new orbit computation based upon GEM-T2 gravity field. Ht1itle.s c f (11. [I9901 have shown that the use of GEM-TI gravity solution reduced the estimated radial orbit error from the level of 3 m mi> to ahout :i 85-cm 14.187 .\RN411LT ET AL.: ALTlhlCTR'r \ N I ) IN THE TROPICAL ,47L\NTIC OCt.\N level. They suggested that with GEM-T? the radial orbit accuracies would be about 35 cm rms. The results of our investigation are that using the same track length (up to 3 0 s ) and the same polynomial adjustment but with two different orbits, the rms difference is about 0.50 cm for a 1" polynomial adjustment. and it is 2 cm for a second-order polynomial adjustment. Using the same track length (up to 40"s) and the same orbit but different polynomial adjustment (first-or second-order polynomial adjustment), the mean rms difference is between 2 and 3 cm, but power spectra reveal that only the wavelengths over 2000 km are affected by these changes. However, the use of a shorter track (up to 20s) indicates a lack of energy even for short wavelengths (200 km) (Figure 31 ). Considering the particular shape of the African coast, due to the presence of the meridional GabonAngola coasts to the east and the zonal Guinea-Togo coasts to the north. almost all Geosat ascending track< are considerably short with no possibility of extension. Thus a5 mentioned earlier, the altimetric signal is then reduced, and this certainly esplains the differences encountered betK een altimetry and three-dimensional model in the Gulf of Guinea.
Therefore the global patterns of the seasonal cycle of the tropical Atlantic surface topography are identically represented by the altimetric observations and the model simulations and are in agreement with former dynamic height climatology. The better correlation i\ found between altimetry and a three-dimensional model for both the seasonal signal and the interannual variability. For the futurc altimetric mission, such as the next TOPEXPoseidon mission. microwave radiometer will he on board, and high accuracy ground tracking will be performed. The radial orbit error should then be ahout 10 cm. Therefore using longer descending track, better orbit correction. and lighter adjustment, prohably the quality of the altimetric signal in the Gulf of Guinea will he as it is already elsewhere in the tropical Atlantic Ocean. The association of thme future altimetric data Lvith a three-dimensional model will provide the best approach to the large-scale variability in the tropical ocean.
